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A Pulsed Polarimeter 

This invention relates to a new measurement method which I call 'pulsed polarirnetry , and 
the instrument to perform this measurement, 'a pulsed polanmeter'. Pulsed polarimetry is 
the sensing of the polarisation state of back scattered light from a propagating light pulse, 
propagating within some material medium. The sensed polarisation is directly related to 
the magnetic or electic field at the position of the pulse in the medium. 

The measurement of magnetic and electric fields in hostile environments, or remotely 
such as in a magnetically confined plasmas is difficult. A pulsed polarimeter is a novel 
tool for making such measurements. 

According to the present invention, a pulsed polarimeter makes a spatially and temporally 
localised measurement of the electromagnetic field, either the local magnetic field or the 
local electric field, within the material medium under study or in an optic fibre embedded 
in the medium under study. The method consists of a polarised light source producing a 
pulse of light of the required spatial dimension for the measurement, a propagation 
rn medium that is sensitive to the field being measured, either a magneto-optically or 

□ electro-optically active medium, and an ellipsometer detection system that measures the 

? polarisation state of the return radiation that is back scattered from the propagating light 

M pulse. The measurement is directly related to the field at the position of the propagating 

5 light pulse in the medium. 

EPS 

A specific embodiment of the invention will now be described by way of examples with 
reference to the accompanying drawings in which: 



£ 
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Figure 1 shows pulsed polarimetry applied to the measurement of the internal magnetic 
field in a magnetically confined plasma. The pulsed polarimeter exploits the Faraday 
rotation effect of the plasma to directly measure the magnetic field along the line of sight 
[q a t the position of the pulse. A continuous measurement of the polarisation of the back 

W scattered radiation yields a continuous measurement of the magnetic field with a spatial 

resolution set by the length of the light pulse. This is a novel method of measuring the 
internal magnetic field in a magnetised plasma. 

Figure 2 shows pulsed polarimetry applied to the measurement of the magnetic field 
outside of the vacuum chamber. In this case, a magneto-optically active optic fibre is 
used as the propagation medium and the Faraday rotation effect is again exploited to 
measure the magnetic field within the fibre along the direction of the fibre to a spatial 
resolution of the length of the propagating pulse. This is the same magnetic field that 
would be present without the fibre. A continuous measurement of the polarisation of the 
back scattered radiation yields a continuous measurement of the magnetic field with a 
spatial resolution set by the length of the light pulse. This enlarges the scope of pulsed 
polarimetry described m Figure 1 to any volume of space accessible to an optic fibre. 
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Claims 



1 A novel experimental method is proposed which I call 'pulsed polarimetry 1 , the 
sensing of the polarisation state of the back scattered light from a propagating light pulse, 
propagating within some material medium. The sensed polarisation is directly related to 
the magnetic or electric field at the position of the light pulse in the medium, 

A pulsed polarimeter makes a spatially and temporally localised measurement of the 
electromagnetic field, either the local magnetic field or the local electric field, within a 
material medium under study or in an optic fibre embedded in the medium under study. 
The method consists of a polarised light source producing a pulse of light of the required 
spatial dimension for the measurement, a propagation medium that is sensitive to the field 
being measured, either a magneto-optically or electro-optically active medium, and an 
ellipsometer detection system that measures the polarisation state of the return radiation 
that is back scattered from the propagating light pulse. The measurement is directly 
related to the field at the position of the propagating light pulse in the medium. 

2 The scattering process, as in claim 1, producing the return light can be aided by 
doping the electro- or magneto-optically active medium with scattering material or 
introducing reflection layers or material discontinuities. 

3 The method, as in above claims, can potentially probe objects of the physical size 
of the wavelength of the light used, submicron dimensions, both in the longitudinal and 
transverse dimensions. 

4 Coherent light can be used, as in claims 1 and 2, to sense the phase of the return 
light using interferometric detection. 

5 Complex frequency and amplitude modulation techniques can be used, as in 
claims 1 ,2 and 4, in the production of the light pulse, such as a frequency chirped pulse, 
and the detection of the return radiation, to aid in the study of the local fields of the 
medium. 

6 Other active properties of optic fibres can be exploited for measurement, as in 
claims 1,2,4 and 5. For example, strain induced polarisation changes for measuring local 
pressure or stress, temperature induced changes to the scattering amplitude or elongation 
of the fibre between reflecting layers, etc. All of which, generalise the method of making 
a localised measurement of the surrounding medium to the optic fibre using the return 
radiation from a propagating light pulse in the fibre. 

7 The method, pulsed polarimetry, as described in above claims, allows the remote 
sensing of electromagnetic fields at higher bandwidths and smaller spatial dimensions 
than electrical probes and without the use of conducting wires. A pulsed polarimeter 
instrument based on optic fibres can be used in any medium that can tolerate the 
introduction of the fibre even living tissue. 
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Abstract 



A Pulsed Polarimeter 



Pulsed polarirnetry is the sensing of the polarisation state of back scattered light 
from a propagating light pulse, propagating within some material medium. The sensed 
polarisation is directly related to the magnetic or electric field at the position of the 
propagating pulse in the medium. A pulsed polarimeter, performing pulsed polanmetry, 
consists of a polarised light source producing a pulse of light of the required spatial 
dimension for the measurement a propagation medium that is sensitive to the field being 
measured, either a magneto-optically or electro-optically active medium, and an 
ellipsometer detection system that measures the polarisation state of the return radiation 
that is back scattered from the propagating light pulse. The use of fibre optics as the 
propagation medium enlarges the scope of pulsed polarimetry to any medium under study 
that tolerates the introduction of an optic fibre and to more general measurements, such as 
local stress, temperature and pressure, for example. Potentially, volumes with sub- 
micron dimensions can be probed. 
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A Pulsed Polarimeter Used to Measure the Internal Magnetic Field 
Along the Line of Sight Using the Faraday Rotation Effect 
Produced by a Magnetically Confined Plasma 
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A Pulsed Polarimeter Used to Measure the External Magnetic Field 
Outside the Vacuum Chamber of a Magnetically Confined Plasma 
Using a Magneto-optic Active Optic Fibre as the Propagation 

Medium 
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A Pulsed Polarimeter 



This invention relates to a new measurement method which I call 'pulsed polarimetry' and 
the instrument to perform this measurement, 'a pulsed polarimeter' . Pulsed polarimetry is 
the sensing of the polarisation state of back scattered light from a propagating light pulse, 
propagating within some material medium. The sensed polarisation is directly related to 
the magnetic or electic field at the position of the pulse in the medium. 

The measurement of magnetic and electric fields in hostile environments, or remotely 
such as in a magnetically confined plasmas is difficult. A pulsed polarimeter is a novel 
tool for making such measurements. 

According to the present invention, a pulsed polarimeter makes a spatially and temporally 
localised measurement of the electromagnetic field, either the local magnetic field or the 
local electric field, within the material medium under study or in an optic fibre embedded 
in the medium under study. The method consists of a polarised light source producing a 
nulse of lieht of the required spatial dimension for the measurement, a propagation 
medium that is sensitive to the field being measured, either a magneto-optically or 
electro-optically active medium, and an ellipsometer detection system that measures the 
polarisation state of the return radiation that is back scattered from the propagating light 
pulse. The measurement is directly related to the field at the position of the propagating 
light pulse in the medium. 

A specific embodiment of the invention will now be described by way of examples with 
reference to the accompanying drawings in which: 

Figure 1 shows pulsed polarimetry applied to the measurement of the internal magnetic 
field in a magnetically confined plasma. The pulsed polarimeter exploits the Faraday 
rotation effect of the plasma to directly measure the magnetic field along the line of sight 
at the position of the pulse. A continuous measurement of the polarisation of the back 
scattered radiation yields a continuous measurement of the magnetic field with a spatial 
resolution set by the length of the light pulse. This is a novel method of measuring the 
internal magnetic field in a magnetised plasma. 

Figure 2 shows pulsed polarimetry applied to the measurement of the magnetic field 
outside of the vacuum chamber. In this case, a magneto-optically active optic fibre is 
used as the propagation medium and the Faraday rotation effect is again exploited to 
measure the magnetic field within the fibre along the direction of the fibre to a spatial 
resolution of the length of the propagating pulse. This is the same magnetic field that 
would be present without the fibre. A continuous measurement of the polansation of the 
back scattered radiation yields a continuous measurement of the magnetic field with a 
spatial resolution set by the length of the light pulse. This enlarges the scope of pulsed 
polarimetry described in Figure 1 to any volume of space accessible to an optic fibre. 
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Claims 



1 A novel experimental method is proposed which I call 'pulsed polarirnetry', the 
sensing of the polarisation state of the back scattered light from a propagating light pulse, 
propagating within some material medium. The sensed polarisation is directly related to 
the magnetic or electric field at the position of the light pulse in the medium. 

A pulsed polarimeter makes a spatially and temporally localised measurement of the 
electromagnetic field, either the local magnetic field or the local electric field, within a 
material medium under study or in an optic fibre embedded in the medium under study. 
The method consists of a polarised light source producing a pulse of light of the required 
spatial dimension for the measurement, a propagation medium that is sensitive to the field 
being measured, either a magneto-optically or electro-optically active medium, and an 
ellipsometer detection system that measures the polarisation state of the return radiation 
that is back scattered from the propagating light pulse. The measurement is directly 
related to the field at the position of the propagating light pulse in the medium. 

2 The scattering process, as in claim 1, producing the return light can be aided by 
doping the electro- or magneto-optically active medium with scattering material or 
introducing reflection layers or material discontinuities. 

3 The method, as in above claims, can potentially probe objects of the physical size 
of the wavelength of the light used, submicron dimensions, both in the longitudinal and 
transverse dimensions. 

4 Coherent light can be used, as in claims 1 and 2, to sense the phase of the return 
light using interferometric detection. 

5 Complex frequency and amplitude modulation techniques can be used, as in 
claims 1,2 and 4, in the production of the light pulse, such as a frequency chirped pulse, 
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claims 1,2,4 and 5. For example, strain induced polarisation changes for measuring local 
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of the fibre between reflecting layers, etc. All of which, generalise the method of making 
a localised measurement of the surrounding medium to the optic fibre using the return 
radiation from a propagating light pulse in the fibre. 

7 The method, pulsed polanmetry, as described in above claims, allows the remote 
sensing of electromagnetic fields at higher bandwidths and smaller spatial dimensions 
than electrical probes and without the use of conducting wires. A pulsed polarimeter 
instrument based on optic fibres can be used in any medium that can tolerate the 
introduction of the fibre even living tissue. 
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Abstract 
A Pulsed Polarimeter 

Pulsed polarimetry is the sensing of the polarisation state of back scattered light 
from a propagating light pulse, propagating within some material medium. The sensed 
polarisation is directly related to the magnetic or electric field at the position of the 
propagating pulse in the medium. A pulsed polarimeter, performing pulsed polarimetry, 
consists of a polarised light source producing a pulse of light of the required spatial 
dimension for the measurement, a propagation medium that is sensitive to the field being 
measured, either a magneto-optically or electro-optically active medium, and an 
ellipsometer detection system that measures the polarisation state of the return radiation 
that is back scattered from the propagating light pulse. The use of fibre optics as the 
propagation medium enlarges the scope of pulsed polarimetry to any medium under study 
that tolerates the introduction of an optic fibre and to more general measurements, such as 
local stress, temperature and pressure, for example. Potentially, volumes with sub- 
micron dimensions can be probed. 



-3/5 



A Pulsed Polarimeter Used to Measure the Internal Magnetic Field 
Along the Line of Sight Using the Faraday Rotation Effect 
Produced by a Magnetically Confined Plasma 
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A Pulsed Polarimeter Used to Measure the External Magnetic Field 
Outside the Vacuum Chamber of a Magnetically Confined Plasma 
Using a Magneto-optic Active Optic Fibre as the Propagation 
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